Abstract The net-baryon number is essentially transported by valence quarks that probe the saturation regime in the target by multiple scattering. The net-baryon distributions, nuclear stopping power and gluon saturation features in the SPS and RHIC energy regions are investigated by taking advantage of the gluon saturation model with geometric scaling. Predications are made for the net-baryon rapidity distributions, mean rapidity loss and gluon saturation features in central Pb + Pb collisions at LHC.
Introduction
The stopping of the relativistic heavy-ion collisions can be estimated from the rapidity loss experienced by the baryons in the colliding nuclei [1∼7] . If incoming beam baryons have rapidity, y b relative to the CM (which has y = 0) and average rapidity < y > = dN/dy, the average rapidity loss is δy = y b − < y >. Here dN/dy denotes the number of net-baryons (number of baryons minus number of antibaryons) per unit of rapidity. The studies of net-baryon distributions and nuclear stopping have been discussed with the non-uniform collective flow model [8∼11] . We will use gluon saturation to study net-baryon in this paper.
During the relativistic heavy-ion collisions, the fast valence quarks in the projectile nucleus scatter in the target nucleus by exchanging soft gluons, leading to their redistribution in the rapidity space. The netbaryon number is essentially transported by valence quarks that probe the saturation regime in the target by multiple scattering.
At very high energies or small values of BJORKEN variable x [12] , the density of partons, per unit transverse area, in nucleon or nucleus becomes so large that it would lead to a gluon saturation of partonic distribution. The existence of this phenomenon was confirmed in the experiments at HERA [13, 14] . The typical results from the experiments [13, 14] contain two parts: the small problem and the geometric scaling. We focus on the latter one that has been treated as the most important evidence for gluon saturation so far. It was predicted by an effective theory, the CGC (Color Glass Condensate), which described the behavior of the small x components of the hadronic wave function in QCD [15, 16] . A novel gluon saturation model was proposed by Yacine MEHTAR-TANI and Georg WOLSCHIN [17, 18] and an analytical scaling law was derived [17, 18] within the color glass condensate framework based on smallcoupling QCD. Enlightened by this model
[17∼20] , we investigate the net-baryon distributions of central collisions in the SPS and RHIC energy regions by means of the gluon saturation model with geometric scaling (GSMGS) where we introduce the effective quark mass and rapidity limit of the gluon saturation region. The net-baryon rapidity distributions and the mean rapidity loss in central Pb + Pb collisions at LHC are predicted in this paper.
2 Gluon saturation model with geometric scaling for netbaryon distributions
The ideas for the color glass condensate are motivated by HERA data on the gluon distribution function [13, 14, 21] . The gluon density, (xG(x, Q 2 )), rises rapidly as a function of the decreasing fractional momentum, x, or increasing resolution Q. This rise in the gluon density ultimately owes its origin to the non- Abelian nature of QCD and the gluons' color charge. As the collision energies increase, smaller x and larger Q become kinematically accessible. The rapid rise with log(1/x) was expected in a variety of theoretical studies [22∼26] . Due to the intrinsic non-linearity of QCD, gluon showers generate more gluon showers producing an exponential avalanche towards small x. The physical consequence of this exponential growth is that the density of gluons per unit area per unit rapidity of any hadrons including nuclei must increase rapidly as x decreases [19, 20] . The net-baryon number of relativistic heavy ion collisions is essentially transported by valence quarks that probe the saturation regime in the target by multiple scatterings. The valence quark parton distribution at large x is well known, which corresponds to the forward and backward rapidity region, to access the gluon distribution at small x in the target nucleus. Therefore, this picture provides a clean probe of the gluon distribution, ϕ(x, p T ), at small x in the saturation regime.
For symmetric heavy ion collisions, the contribution of the fragmentation of the valence quarks in the projection is given by the simple formula for the rapidity distribution of interactions with gluons in the target [17, 18] 
Here p T is the transverse momentum of the produced quark and y its rapidity. One important prediction of the gluon saturation with geometric scaling is the geometric scaling: the gluon distribution depends on x and p T only through the scaling variable
Geometric scaling was confirmed experimentally at HERA [13, 14, 21] . The fit value λ = 0.2 ∼ 0.3 agrees with theoretical estimate based on next-to-leading order Balitskii-Fadin-KuraevLipatov (BFKL) results [27∼30] . The longitudinal momentum fractions carried by the valence quark in the projectile and the soft gluon in the target are x ≡ x 1 = p T / √ s exp(y) and x 2 = p T / √ s exp(−y), respectively. The relation was given as follows [17, 18] ,
The contribution of valence quarks in the other beam nucleus is added incoherently by changing y → −y · q v (x 1 ) is the valence quark distribution of a nucleus, and ϕ(x 2 , p T ) is the gluon distribution of another nucleus. The total rapidity distributions of the symmetry interaction systems are the summation of the contributions from the projectile and target, respectively:
A scaling variable is introduced:
which relates the energy dependence to the rapidity and mass-number. The rapidity variable y is:
here y b ≈ ln( √ s/m n ) is the beam rapidity with nucleon mass m n . It is usually defined where x ≤ 0.01 is a small x region, which is taken as gluon saturation. By tak-
, we can figure out the rapidity region of the gluon saturation as follows:
Thus we rewrite Eq. (1) as follows:
here λ = 0.2, Q 2 0 = 0.04 GeV 2 , the gluon distribution is
So the net-baryon distribution originates from the projectile is
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The effective dynamic quark mass effects are considered by substituting the transverse momentum p T
as (x
where m is the effective dynamic quark mass. As follows, we will use GSMGS to fit the net-baryon distributions at the SPS and RHIC energy regions, respectively.
Comparison of experimental outcomes and predicted LHC results
The integrated net-proton rapidity distributions are scaled by a factor of 2.05 [2] to obtain the net-baryon distributions. The rapidity distributions of net-baryon for different energies of relativistic heavy nuclear collisions (Pb + Pb and Au + Au) at SPS and RHIC are given in Fig. 1 . The estimated numbers of participants are 390, 315, and 357 for √ S NN = 17.3 GeV, 62.4 GeV, and 200 GeV, respectively. The solid circles correspond to the experimental result of central collisions [1∼7] , and real lines are the calculated results from the gluon saturation model with geometric scaling. It is found that GSMGS describes the experimental data of the net-baryon distributions very well when we discuss Pb + Pb center collisions at the SPS energy region and Au + Au center collisions at the RHIC energy region.
We predict rapidity distribution of net-baryons in central Pb+Pb collisions at LHC √ S NN =5.52 TeV in Fig. 2 , and the detailed discussion of the results will be given as follows. By studying the experimental results with GSMGS, we may get the conclusion for the net-baryon distribution from SPS to LHC as follows:
a. The gluon saturation features of central rapidity can be studied from GSMGS. It is very important to study the limit of central rapidity of the gluon saturation in relativistic heavy ion collisions. The limits of central rapidity of the gluon saturation (y saturation ) are 1.06 GeV, 2.013 GeV and 3. is predicted by the gluon saturation model with geometric scaling. The LHC gluon saturation rapidity region is y satruration = 5.86. The limit of central rapidity of the gluon saturation is larger than that of RHIC and SPS. The separation of two symmetric peaks of net-baryons is much wider than that of SPS and RHIC. c. The mean rapidity loss δy = y b − < y > is shown in Fig. 3 . The dependence of the mean rapidity loss on y b is δy = 1.548 ln(y b ) + 0.036.
In Fig. 3 , the star (*) is our prediction result of the mean rapidity loss δy for Pb + Pb central collisions at LHC energies of √ S NN = 5.52 TeV (y b =8.68). It seems from the numbers that more than half of the net-baryons at LHC come from the central gluon saturation region. 
Summary and conclusions
Hadron multiplicities and their distributions are observables and can provide information on the nature, composition, and size of the medium from which they originate. The gluon saturation model is proposed by introducing a rapidity variable with the gluon saturation region to define the gluon saturation region of the central rapidity region of centrally colliding heavy ions at ultra-relativistic energies. The remarkable features of GSMGS predicted by our discussion is reflected in the net-baryon rapidity distribution, providing a direct test of the limit of central rapidity of the gluon saturation at small x regions.
It is found that the limits of central rapidity of the gluon saturation region increase with colliding energy. The detailed dependence of rapidity (y saturation ) of the central gluon saturation on colliding energy is also investigated in this study. We also predict the net baryon rapidity distribution in central Pb + Pb collisions at LHC energies of √ S NN = 5.52 TeV by the gluon saturation model with geometric scaling. The gluon saturation region is larger than that of RHIC and SPS, and the separation of two symmetric peaks of net-baryons is much wider than that of SPS and RHIC. The dependence of the percentage of net-baryons from the central gluon saturation region and stopping power on colliding energies is also studied. The dependence of nuclear stopping on incident energy is discussed. We find that the mean rapidity loss shows a linear dependence on lny b . From that, we can predict the mean rapidity loss for LHC experimental data.
The study of the features of gluon saturation in the SPS, RHIC and LHC energy regions is very important. It seems that more than half of the produced net baryon numbers (56.31%) at LHC come from the central gluon saturation region, but the percentage is 43.17% at SPS √ S NN = 17.3 GeV.
